INTRODUCTION
Commercially available pure titanium (c.p. Ti) and its alloys are widely used for dental and orthopedic implants because of their high fracture toughness and good biocompatibility, although they cannot directly bond to bone. Thus, their fixation to human bone is mainly achieved by mechanical interlocking such as screwing and bone cementing, though such fixation sometimes has lead to loosening during long-term implantation. In order to overcome this problem, several chemical methods for surface modification of titanium implants have already been proposed to provide them with the ability of direct bonding to bone tissues. Note that essential for such tissue-implant bonding is the in vivo apatite-forming ability of implant materials.1-4 Chemical treatments of titanium substrates proposed so far 1-8 are primarily aimed at controlling the formation of titania 2-8 or sodium titanates 1 on the titanium substrate surfaces that induced apatite formation when those substrates were soaked in a simulated body fluid (SBF of the Kokubo The effects of Hn solution pH on reactions with Ti substrates In order to examine the effect of pH both on the corrosion reaction of titanium and on the crystallization of the titania gel layers due to the thermal treatment, the titanium substrates were treated with the H6 solutions whose initial pH values were adjusted at 3.5 and 5.1 with a dilute solution of HCl or NH4OH, respectively. The substrates treated with the H6 solutions with HCl or NH4OH for m hours were denoted as H6-HCl/mh or H6-NH4OH/mh substrates. Table 2 summarizes the appearance of the H6-HCl and H6-NH4OH solutions as well as that of the H6 substrates after the H6-HCl/mh or H6-NH4OH/mh treatments. Regardless of the initial pH values (3.5 or 4.5), the amount of yellowish colloid particles increased and the solutions were tinted deeply with the reaction time. On the other hand, no yellowish colloid particles were precipitated on the H6-NH4OH substrates. Thus, the initial pH of the H6 solution, adjusted to 5.1, was effective in suppressing the precipitation of the yellowish colloid particles. Fig. 6 shows the increase in the concentration of Ti(IV) in the H6, H6-HCl, and H6-NH4OH solutions as a function of the chemical treatment time, indicating that some of the titania was dissolved into the solutions. The rate of dissolution increased in the order: H6-NH4OH solution (pH: 5.1) <H6 solution (4.5) <H6-HCl solution (3.5) where the numbers in parentheses denote the initial pH values. Thus, corrosion was more rigorous in the solutions of lower pH. Fig. 7 shows the decrease in the H2O2 concentration of the solutions of the H6 family as a function of chemical treatment time. The rate of H2O2 consumption increased in the order: H6 solution order of the rate of consumption disagreed with that for increasing Ti(IV) indicated in Fig. 6 . Thus, some of the H2O2 molecules were consumed in dissolution of Ti(IV) into the H6 solutions and the others were involved in the formation of colloid and oxide layers. Moreover, since the differences in the rate of H2O2 decomposition among the solutions were small but extinct, the HCl and NH4OH additives catalyzed the reactions between the Ti substrates and H2O2, though slightly. Fig. 8 shows the change in the pH of the H6 solutions as a function of chemical treatment time. Note that the pH quickly decreased within 30-60 min and became almost constant after 1 h except for the H6 solutions. As described later in eq. (3) after Tengvall et al. [11] [12] [13] or Sugimoto et al.14 , the oxidation reactions of Ti with H2O2 yield hydronium ions or protons, hence the pH of the H2O2 solution increases. Thus, a minimum in pH means that the other reactions that consume the protons become more rigorous than the oxidation of Ti. In this respect, the minimum in pH has some importance. The minimum values of pH in the H6 solutions were larger in the order: H6-HCl solution <H6 solution <H6-NH4OH solution. This order was just the inverse order found for the Ti(IV) concentration. Thus, the dissolution of Ti(IV) was phenomenally in direct relation with the Osaka A, Tsuru K, Hayakawa S and oxonium ions (H3O+) in SBF, and that these Ti-OH groups induced apatite nucleation. Note that the bioactivity of the Ti-OH groups derived from those sodium titanate layers depended heavily on both increase in the pH near the gel-SBF interface due to sodium ion release from the gel and on thus-induced further increase in the degree of supersaturation of the SBF for apatite. On the other hand, the titania gel layers derived from the present CHT method would not induce any extra increase in the degree of supersaturation of the SBF for apatite because they could not increase in either pH or Ca(II) and P(V) concentrations. Still, the present gel layers could deposit dense layers of apatite particles in SBF within 3 days. Their in vitro bioactivity was much greater than the sol-gel derived titania gel that required soaking . in SBF for 2 weeks before deposition of apatite,20,21
Surface Microstructure
Several research groups have examined the effects of the pore structure or the textural features of sol-gel derived silica gel on apatite formation 29-33. Pereira et al. suggested that the critical pore size for rapid apatite formation is larger than 2 nm29 , while Peltola et al. suggested that a great mesopore volume and a wide distribution of mesopores (2-50 nm) favors apatite nucleation on the pure silica 2. Peltola et a/.34-36 also reported that the pore structure and thickness of sol-gel derived titania film do not have a clear effect on apatite formation. They suggested 36 that structure of the outermost surface in nanometer scale is of importance for bioactivity, surface topographical peak distance distribution between 15-50 nm favors apatite nucleation, and distances greater than 50 nm do not have any significant effect on in vitro bioactivity. Fig. 15 shows a SEM image of H6/6h substrates before soaking in SBF, indicating that a number of submicrometer-scale pores (100-300 nm) formed by the CHT method. Recently, Wang et al. 8 and Wu et al.19 reported similar submicrometer-scale pores formed on the titania gel layer 0.3-0.6 in thickness. However, the relation between the morphology of the titania gel layer derived by the CHT method and apatite-forming ability remains unclear in this study. The effect of the morphology of titania gel on the apatite-forming ability and its surface charge density is an issue for future work.
In conclusion, we can emphasize that the high apatite-forming ability of the titania gel originates from the favorable structure of the gel itself. On the basis of the structural matching rule between TiO2 (anatase) and Ca10(PO4)6(OH)2 (hydroxyapatite) as proposed by Wang et al.or Mao et al.28 , anatase favored the deposition of apatite. Therefore, one can conclude that the present CHT method is convenient for providing pieces of both Ti and Ti mesh screen with high in vitro apatite-forming ability. The CHT method could be applied to various forms of c.p. Ti implants for dental and orthopedic surgery. Furthermore, we expect that the CHT method can provide a high blood-compatible titania gel 37,38 which is promising for artificial heart valves and coronary stent made of c.p. Ti. 
CONCLUSIONS

